Abstract-By means o f analyses of t h e d i s l o c a t i o n segment d i s t r i b u t i o n s obtained from dynamic modulus and i n t e r n a l f r i c t i o n measurements made d i r e c t l y during deformation, i n d i c a t i o n s have been obtained on the d i s l o c a t i o n s t r u c -
t u r e changes accompanying both the passage from lower t o b u l k s e l f -d i f f u s i o n a c t i v a t i o n energy creep processes as w e l l as t h e t r a n s i t i o n o c c u r r i n g by unloading and reloading. I n t r o d u c t i o n -I n previous papers /1,2,3/ i t has been shown t h a t from dynamic modulus (Md) measured d i r e c t l y during deformation together w i t h i n t e r n a l f r i c t i o n c o e f f i c i e n t ( Q -l ) , deformation r a t e (2) and e v e n t u a l l y
d i s l o c a t i o n d e n s i t y ( p ) i t i s possible t o o b t a i n i n d i c a t i o n s on the e v o l u t i o n o f t h e d i s t r i b u t i o n f u n c t i o n @(R) /4,5,6/ g i v i n g the d e n s i t y per dR o f d i s l o c a t i o n segments i n t h e range RtR+dR. I n p a r t i c u l a r r e s u l t s o f previous researches concern the v i b r a t i o n frequency which i s e f f e c t i v e i n t h e thermally a c t i v a t e d processes o f l i n k overcoming by the d i s l o c a t i o n segments, t h e average area swept o u t per elementary s l i p a c t by each d i s l o c a t i o n segment and the c o n t r i b u t i o n t o dynamic modulus and t o deformation o f the l o n g l e n g t h t a i l s of the d i s t r i b u t i o n functions.
Taking advantage o f those r e s u l t s f u r t h e r problems are considered here, i.e. t h e questions ofthe t r a n s i t i o n mechanism responsible f o r the passage from 87 KJ/mol t o 125-142 KJ/mol as dominating a c t i v a t i o n energies f o r s t a t i o n a r y creep above o r below -425 K i n ~1 / 7 / , and o f the s t r u c t u r e changes i n unloading and reloading.
Experimental -Rectangular sheets o f A1 99.49%, I x I O -~~ t h i c k , 3~1 0 -~m wide, w i t h lengths ranging from 1 t o 1.5~10-~rn, were used f o r t h e experiments, w i t h g r a i n sizes -10-3 m. I n t e r n a l f r i c t i o n and dynamic modulus were measured d i r e c t l y during constant l o a d deformation by means o f an i n v e r t e d pendulum, as already described by us and by other authors /l,8/. Loads were chosen so as t o have a t various temperatures comparable deformation rates, i n t h e range I 0-6sec-1. Torsional frequencies ranged from 5 t o 10 Hz. The amp1 itudes were smaller than E r r o r s r e l a t i n g t o i n t e r n a l f r i c t i o n c o e f f i c i e n t s were -I%, t o dynamic modulus 1-2%.
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The resonance frequencies served t o determine t h e t o r s i o n modulus : t h e modulus changes were determined by d i f f e r e n t i a l measurements, w i t h reference samples non deformed and w i t h equal lengths.
TEM observations were made a f t e r some deformations a t some temperatures. For TEE t h e specimens were prepared by means o f e l e c t r o l y t i c p o l i s h i n g .
Results -As already discussed i n previous papers /1,2/ i n t e r n a l f r i c t i o n a n d A t lower temperatures, e.g. room temperature and 423K, unloadi n g i s accompanied by r a p i d l a r g e Q-l decreases, followed by smaller, progressive add i t i o n a l decreases: on r e l o a d i n g previous Q-' v a l ues a r e r e s t o r e d progressively.
A t t h e higher temperatures instead unloading i s accompanied by r a p i d Q-'increases, followed by a progressive regression t o t h e values before unloading: a p a r t from a small polygonization peak, r e l o a d i n g causes a s i m i l a r behaviour.
In various papers /9,10,11,12/ i t has been assumed t h a t t h e v a r i a t i o n s o f Q-'and ivld i n t h e medium temperature range, from -450Kto-750K, are due t o d i s l o c a t i o n r e l a xa t i o n . The decreases o f Md occur i n a broad temperature range, owing t o a broad spectrum of r e l a x a t i o n times. The phenomena can be b e t t e r l o c a l i z e d by considering t h e Q-I and Md behaviour together, as shown i n F i g . 3. F u l l r e l a x a t i o n can be assumedtooccur a f t e r the K2 peak, i.e. a t Tc.
A t lower temperatures themdulusdefectscan be i n t e r p r e t e d w i t h reference t o two extreme cases, i.e. p a r t i a l r e l a x a t i o n o f a l l the d i s l o c a t i o n s o r complete r e l a x a t i o n o f p a r t o f a l l the d i s l o c a t i o n s . Since B < 1 (Fig. 1) t h e second case i s admitted; so t h e f r a c t i o n 5 o f the r e l a x e d dislocationshas t o be taken i n t o consideration and t h i s i s obtained by considering 5 equal t o the r a t i o AMTd/AMTc where AMT~ i s t h e modulus decrease from room temperature up t o the deformation temperature Td, AMT, t h e modulus decrease up t o Tc7both r e f e r r i n g t o conditions before deformation.
F i n a l l y a TEM image i s given i n Fig. 4 i l l u s t r a t i n g d i s l o c a t i o n s t r u c t u r e s o c c u r r i n g before the Q-l, AM peak experienced during deformation a t 423K: such s t r u c t u r e s are o f i n t e r e s t f o r the discussion Discussion -F i r s t t h e t r a n s i t i o n between the two medium temperature processes governed by d i f f e r e n t a c t i v a t i o n energies i s discussed.
As an i n t r o d u c t i o n t o t h e problem w e l l known experimental r e s u l t s from /13/, subsequently s p e c i f i e d i n /7/, are r e c a l l e d . These r e s u l t s are i l l u s t r a t e d by the diagram i n Fig. 5a ). The transition between the two processes characterized by HI 87 KJ/mol and H2 = 125-542 KJ/mol might be understood i n terms o f two temperaturedependent r a t e processes as sketched i n Fig. 5b) . Assuming t h a t the two processes a c t i n s e r i e s l a r g e r r a t e s w i l l be dominant. According t o t h i s scheme, t r a n s i t i o n between each o t h e r dominating proces w i l l occur a t temperature Tt, being I n t r o d u c t i o n o f t h e experimentally known q u a n t i t i e s , i .e. Hj = 87KJ/mol, H2 = 142 K J h l , 
t i o n a l i t y c o e f f i c i e n t c, oe t h e e f f e c t i v e s t r e s s which i s taken equalto a-aGb/!L ( a a p p l i e d stress, a strength constant taken equal t o I ) , a=A/oe expresses the proport i o n a l i t y o f a c t i v a t i o n area A t o e f f e c t i v e stress.

According t o 4b) the p o s s i b i l i t y t h a t the pre-exponential r a t i o i n ( 3 ) depends on d i f f e r e n t v d t s i s considered f i r s t . The lower energy H1=87KJ/mol has been r e l a t e d t o pipe d i f f u s i o n along t h e d i s l o c a t i o n s /7,14/, whereas t h e higher energy H 2 i s r e l a t e d t o b u l k s e l f -d i f f u s i o n . So i t may be reasonable t o assume t h a t the v i b r a t i o n f r equency e f f e c t i v e i n p i p e d i f f u s i o n i s the one o f a t t a c k per d i s l o c a t i o n segment o f l e n g t h R , i.e. vdl =vD b/R, whereas vd =vD f o r l a t t i c e s e l f -d i f f u s i o n , vD being the Debye frequency. Since r e 1 a t i o n s (4a-6) r e f e r t o elemntary processes the a c t i v a t i o n energy f o r l a t t i c e sel f -d i f f u s i o n w i l l be introduced i n t o (4a) as higher energy, i .e. Hz = 125 KJ/mol /15/. To check t h e e f f e c t s o f the s a i d d i f f e r e n c e s i n vd i t i s worth considering a l s o the f o l l o w i n g r e l a t i o n s , regarding the dynamic modulus and d i s l o c a t i o n d e n s i t y both given as a f u n c t i o n o f the d i s l o c a t i o n segment d i s t r i b u t i o n f u n c t i o n
According t o the assumption i n question the experimental creep r a t e s a t T=423K should be c o n s i s t e n t w i t h values c a l c u l a t e d by i n t r o d u c i n g i n t o (4a) e i t h e r vd
, and HI o r vd2 and Hz. Diagrams so c a l c u l a t e d are drawn i n Fig. 6a) ; they are c o n s i s t e n t w i t h the experimental data represented by f a i n t l i n e s , e v e n t u a l l y w i t h small changes i n c (causing o r d i n a t e s h i f t ) o r o f 5 (causing s h i f t o f both ordinates and abscissae) f o r f i t t i n g t o t h e d i s l o c a t i o n d e n s i t i e s experienced case by case.
However, i f the ~a m e v d~= V~b / R i s used a t t h e lower temperatures, ~. g . a t room temper a t u r e , diagram I o f Fig. 6b ) i s obtained, displaced towards low E* values, whereas w i t h v d = v~ good correspondence w i t h the experimental deformation r a t e i s obtained (diagram 2 i n Fig. 6b) . This a / R r a t i o may be o f the order o f l a r g e r than the r a t i o between t h e pre-exponentials i n (3). Further adjustments can be obtained by considering d i f f e r e n t d i stri b u t i o n functions (see a1 so /3,5,6/) smaller i n t e r n a l back-stresses ( w i t h minor c o n t r i b u t i o n s ) as w e l l as e f f e c t i v e frequency decreases f o r weak pinning p o i n t s . Curves f o r d i f f e r e n t c1s,down t o t h e range o f t h e experimental deformation r a t e s are drawn i n Fig. 6c ).
According t o t h i s view t h e t r a n s i t i o n between t h e stages characterized by the two a c t i v a t i o n energies HI-2 should depend on v a r i a t i o n s o f to, mainly dependent on the d i s l o c a t i o n s t r u c t u r e , so t h a t above Tt t h e H2 process p r e v a i l s . A d e t a i l e d a n a l y s i s o f the processes governed by two energies i s n o t considered here: mention i s o n l y made t o paper 1171 where c o n t r i b u t i o n s o f g.b. and l a t t i c e d i f f u s i o n a r e t r e a t e d w i t h p a r t i c u l a r reference t o t h e t r a n s f e r o f g l i d e from one g r a i n t o t h e o t h e r across t h e g r a i n boundary: r e s u l t s o f a previous work /2/ are a l s o r e c a l l e d according t o which vdl, HI and vd2, H2 r e f e r r e s p e c t i v e l y t o the c o n d i t i o n s before and a f t e r the Q-',AM peak encountered during creep a t t h e temperature i n evidence.
Discussing now the unloading and r e l o a d i n g e f f e c t s reference i s made t o the experimental r e s u l t s given i n Fig. 2a)-b)-c) . The v a r i a t i o n s o f the d i s t r i b u t i o n f u n c t i o n may thus be followed by s o l v i n g t h e system of equations ( 5 ) and (6) f o r constant p ( t h e p has been taken corresponding f o r each temperature and AM (before unloading) t o the maximum o f t h e diagrams o f Fig.6a) .
The s t r u c t u r e e v o l u t i o n c a n be f o l l o w e d through t h e average segment l e n g t h ji = . r : a @(a) ~RII~~ @(a) d~
The diagrams reported i n Fig. 7 have been obtained i n t h i s way
At t h e lower temperatures t h e decreases i n ji are understood considering t h a t pinning p o i n t s which are overcome under load become e f f e c t i v e again a f t e r unloading. Reloading causes new unpinning w i t h o u t r e l e v a n t v a r i a t i o n s i n the d i s l o c a t i o n dens i t y . So t h e e v o l u t i o n on reloading appears d i f f e r e n t from t h e one a f t e r t h e f i r s t loading (see f o r ex. / I / ) , when increases o f t h e d i s l o c a t i o n d e n s i t y by mu1 t i p l i c at i o n p l a y a fundamental r o l e .
At h i g h e r temperatures, instead, d i s l o c a t i o n s , which a r e pushed against l i n k s o r other p i n n i n g s i t e s by the load, become f r e e when the load drops, thus a c q u i r i n g longer f r e e lengths and g i v i n g g r e a t e r c o n t r i b u t i o n s t o t h e p e r t a i n i n g r e v e r s i b l e deformation; they then r e t u r n t o t h e lengths corresponding t o the average n e t o f pinning distances by rearrangement processes d r i v e n by t h e i n t e r n a l stresses. Reloadi n g has a s i m i l a r e f f e c t , f i r s t o f unpinning and subsequent pushing t h e d i s l o c a t i o n s against stronger l i n k s , i n p a r t due t o t h e development o f new subboundaries.
